The alkaline protease produced by Bacillus cereus 
INTRODUCTION
Enzymes are the most important in the detergent industry for their ability to aid the removal of proteinaceous stains and to deliver unique benefits that cannot otherwise be obtained with conventional detergent technologies [1] . The UV radiation is the most convenient of all mutagens to use, and it gives a high proposition of pyrimidine dimers and includes all types of base pair substitutions [2] . Several alkaline proteases have been purified and characterized from many Bacillus strains [3] [4] [5] . The alkaline proteases are used in the detergent applications because they active at temperature higher than 40-50°C and pH in the range of 9-12 [6, 7] . Alkaline serine proteases are the most important groups of enzymes exploited commercially. The major applications of protease enzymes in detergent formulation are based on the activity and stability at high pH, temperature and the enzyme compatability along with detergents. Detergents available in the international market such as Dynamo ® , Eraplus ® (Procter & Gamble), Tide ® (Colgate Palmolive), contain proteolytic enzymes, the majority of which are produced by members of the genus Bacillus [8] .
The commercial use of enzymes in leather production is considerable because of their properties of being highly efficient and substrate specific. Among several bacterial strain, B. subtilis [9] , B. licheniformis, B. amylolequifaciens, B. cereus [10] and Streptomyces sps. [11] have been characterized for dehairing purposes. Alkaline proteases are used in soaking, dehairing, bating stages of preparing skin and hides. This enzyme is used in the process of dehairing because the alkaline conditions enable the swelling of hair roots and the subsequent attack of protease on the hair follicle protein allows easy removal of the hair. Alkaliphilic Bacillus strains are good sources of alkaline proteases with the properties that fulfil the essential requirements to be used in detergents; therefore, the main industrial application of alkaliphilic proteases has been in the detergent industry since their introduction in 1914 as detergent additives. [12, 13] . The Protease produced by B. cereus showed excellent stability and compatibility in the presence of the laundry detergents formulation [14] . The aim of the present study was to purify, characterize extracellular alkaline protease produced by B. cereus UV-15 and determination of the potentiality of the enzyme in laundry detergents and leather industry as dehairing agent.
MATERIALS AND METHODS
Mutation and screening of microorganisms are very important for the successful development of various strains with enhanced enzyme production are required for the industrial application purpose. The parent strain B. cereus P5 was treated with UV irradiation, to improve its alkaline protease production capacity. The mutant UV-15 designated as Bacillus cereus UV-15 was found to be the most hyper-active mutant, producing approximately 1.2 fold more alkaline protease over the parent strain in similar culture conditions and therefore, the mutant UV-15 was selected as the best mutant for further studies.
Purification of protease Preparation of cell free supernatant
The cells of bacterial strain were separated from fermentation medium after 48 hr of incubation at 37°C by centrifugation at 10,000 rpm for 15 min. The cell free supernatant was used for the purification of the enzyme.
Ammonium sulphate precipitation
Cell free supernatant was precipitated by adding ammonium sulphate at different saturation levels (40-80%). After each addition, the enzyme solution was stirred for 1 h at 4°C. The protein precipitated was collected by centrifugation at 12,000 x g for 20 min at 4°C and resuspended in minimum volume of 0.05M Tris-HCl buffer, pH 8.0 to get the concentrated enzyme suspension. After that the enzyme suspension was dialyzed against the same buffer.
Purification of protease
The enzyme suspension was loaded on to a DEAE cellulose (DE 52) column (1.5 cm x 25 cm) equilibrated with 0.05mM Tris-HCl, pH 8.0, containing 0.5mM CaCl2, and washed with the same buffer. The enzyme was eluted with a linear gradient of 0.5 M NaCl in the same buffer. Fractions of 5 ml each were collected at a flow rate of 20 ml/h. Fractions exhibiting protease activity were pooled, dialysed and then concentrated by freeze-drying. The concentrated enzyme sample was again purified on sephadex G-100 (Pharmacia) column (1.5 cm x 30 cm). The Sephadex column was equilibrated with 0.05 M Tris-HCl buffer of pH 8.0. The dialyzed enzyme sample was loaded onto a Sephadex G-100 column and then eluted with the same buffer. Fractions each of 4 ml were collected at a flow rate of 30 ml/h by fraction collector (Model 2110, Bio-Rad). The fractions showing absorbance at 280 nm were analyzed for protease activities and the active fractions were pooled dialyzed and then freeze dried. The freeze-dried preparation was stored at -20°C for further studies.
Polyacrylamide Gel Electrophoresis:
The molecular weight of the alkaline protease was determined by SDS-PAGE with stacking gel (4%) and resolving gel (12%) as introduced by Laemmli (15) with slight modifications. The enzymatic molecular weight was determined using a calibration molecular weight kit with markers containing of 14.3 kD, 20.1 kD, 29.0 kD, 43.0 kD, 66.0 kD, and 97.4 kD. Coomassie Brilliant Blue R-250 was used to stain and visualize the bands of the protein.
Detection of alkaline protease activity by Zymography
Zymography is a sensitive and rapid assay method for analyzing protease activity carried out in SDS page gel. Zymogram was performed according to method described by Ahmed Barkia (16) with some modifications. Alkaline protease obtained from mutant Bacillus cereus UV-15 was resolved in 7.5% SDS polyacrylamide gel containing 0.1% gelatin and 0.1% casein. Samples (10µl) were mixed with sample buffer (Samples were not boiled). The PAGE was run and SDS was removed from the gel by immersing the gel in a solution containing 2.5% Triton -X 100 and then the gels were incubated overnight at room temperature in 50mM Tris HCl (pH-10) buffer supplemented with CaCl2 (1mM), ZnCl2 (0.001 mM) and NaCl (50mM). The alkaline protease activity was visualized by staining the gels by coomassie brilliant blue.
Characterization of alkaline protease Effect of pH on Protease Activity and stability
Effect of pH on activity and stability of purified alkaline proteases were studied at different pH values (6, 7, 8, 9, 10, 11 and 12) by using 1 % (w/v) solution of casein as a substrate dissolved in different buffers (0.05 M): phosphate (pH 6-7) Tris-HCl (pH 8-9) and Glycine-NaOH (pH 10-12). Reaction mixtures were incubated at 45 o C for 20 min and then the relative activities of enzymes were measured as per assay procedure. The effect of pH on the stability on protease was studied by preincubating the enzyme with 0.05 M buffers covering the pH range of 6.0-12.0. 0.5 ml enzyme samples were added to 1 ml of different buffer and preincubated at 4°C for 24 h. Then residual activity in each sample was determined by standard protease assay and compared with the control sample kept at 4°C with out any buffer.
Effect of Temperature on Alkaline Protease Activity and Stability
The effect of the temperature on alkaline protease was determined by incubating the reaction mixture (pH 10.0) for 20 minutes, at different temperatures ranging from 30 to 80ºC (30, 40, 50 , 60, 70 and 80ºC) and measuring the activity with standard proteolytic activity assay. Before the addition of enzymes, the substrate ( casein) was preincubated at the respective temperature for 10 minutes. The thermostability of the crude alkaline protease was investigated by measuring the residual activity after incubating the enzyme at various temperatures ranging from 30 to 60ºC (30, 40, 50 , 60, 70 and 80ºC) for 30 and 60 minutes, respectively.
Substrate specificity
An effect of various substrates such as casein, hemoglobin, bovine serum albumin, Egg albumin and gelatin on purified alkaline protease activity was determined according to the method of Yang and Huang (17) . Effects of various substrates on activities of purified alkaline protease were determined by adding 250 µl of alkaline protease enzyme solution with 1% (w/v) solutions of the tested substrates. The protease activity towards casein was taken as control.
Experiments to evaluate industrial application of alkaline protease:
A study on alkaline protease produced by mutant B.cereus UV-15 was performed to determine the commercial exploitation in detergent and leather industries.
Effect of surfactants and oxidizing agents on alkaline protease stability:
Effects of different surfactants and oxidizing agents on alkaline proteases stability were studied to determine their suitability for the detergent industries. The alkaline proteases were incubated for 1 h at 40 o C in the presence of different concentrations of surfactants like Tween-20 (0.5 %, 1.0 %), Tween-80 (0.5 %, 1.0%), Triton-X-100 (0.5 %, 1.0 %), SDS (0.5 %, 1.0 %) and oxidizing agents like H2O2 (0.5 %, 1.0 %) and sodium perborate (0.5 %, 1.0 %). The residual activity was then measured according to the standard assay conditions at pH-10.0 and temperature at 50 o C.
Removal of blood stain:
The destaining capacity of alkaline protease for removing blood stains from cloth pieces was studied by the method of Najafi (18) . A clean piece of pure white cotton cloth was soaked in animal blood for 15 min and then allowed to dry at 80 o C for 5 min in hot air oven. The dried cloth was cut into equal sizes (3 X 3cm 2 ) and soaked in enzyme solution. The soaked pieces were incubated at 40 o C for different incubation periods ( 10, 20, 30 and 40 min) . After a given incubation the cloth pieces were rinced with tap water for 2 min and then dried in open air.The same procedure was applied for the control but in the absence of enzyme solution.
Detergent compatibility:
The compatibility of the alkaline protease with Pramoda Kumari Jasti et al J. Microbiol. Biotech. Res., 2017, 7 (4):1-12 ______________________________________________________________________________ 4 commercial laundry detergents was also studied by using Ariel (Procter and Gamble, Suisse), Tide (Procter and Gamble, Suisse), Rin (Hindustan Lever Ltd, India), Surf Excel (Hindustan Unilever Ltd, India) Wheel (Hindustan Lever Ltd, India) and Nirma (Nirma Ltd, India). Detergents were diluted in tap water to give final concentration of 7 mg/mL to simulate washing condition. The endogenous enzymes contained in laundry detergents were inactivated by heating the diluted detergents for 1 h at 65 o C prior to the addition of the enzyme preparation. The crude enzyme was incubated in detergent solutions for 1 hr at 50 o C temperature and then the activities were determined. The enzyme activity without detergent was taken as 100%.
Dehairing effect:
Dehairing property of the alkaline proteases was observed by following the method of Wang (19) . Salted goat skin was obtained from local market, washed with distilled water and cut into small pieces (5X5 cm 2 ). The skin pieces were soaked in alkaline protease (50 U ml −1 in 100 mM GlycineNaOH buffer, pH 10.0) produced by mutant Bacillus cereus UV-15, and incubated at 40 o C in water bath shaker at agitation speed of 100 rpm for different time periods (3-15 h). After required period, the skin pieces were gently scrapped with fingers to remove the loose hairs. The dehaired skin with high quality exhibited clear hair and clear grain structure and no collagen damage.
RESULTS
B.cereus UV-15 was grown on alkaline protease medium. After fermentation, the fermented broth was centrifuged at 10000 rpm for 15minutes at 4 o C to get clear supernatant extract containing crude enzyme. The total protein content and total protease activity were measured in the culture filtrate (crude enzyme) and found to be 35.4mg and 6200 U respectively with a specific activity of 175.14 U/mg. The crude enzyme solution subjected to partial purification by ammonium sulphate precipitation. The crude enzyme was precipitated at 70% saturation with specific activity of 199.26 U/mg and 1.13 fold purification. The precipitate was dissolved in minimal volume of 0.05M Tris-HCl buffer, pH 8.0 to get the concentrated enzyme suspension. This dialyzed fraction was loaded on sephadex G -100 gel filtration column. By gel filtration the enzyme was purified to 16.64 fold with a yield of 9.4% and specific activity of 2915 U/mg ( 
SDS -PAGE and Zymogram analysis of alkaline protease
The purified alkaline protease was resolved on a SDS-PAGE found to be a homogenous monomeric protein as evident by a single band corresponding to 29 k Da on SDS-PAGE relative to the standard molecular weight markers (Fig.1) . The activity of the alkaline protease was also observed by zymogram. The molecular weights of the alkaline proteases generally ranging from 15 to 30 kDa reported by Kumar and Takagi (20) , with few reports of higher molecular weights of 32.0 kDa, 33.5 kDa determined (21, 22) respectively. Other investigators reported the molecular masses of alkaline proteases from various Bacillus species range between 17-40 kDa (5, 7, 23, 24). The zymogram activity staining also revealed a clear hydrolytic zone of proteolytic activity. Effect of pH on activity and stability of purified alkaline protease The purified protease was active between pH 8.0 and 11.0 and showed optimum activity at pH 10.0 (Fig. 2) . The relative activity at pH 10.0 was found to be 104%. The enzyme was found stable over a broad pH range 6.0 to 11.0 and higher stability was observed in the range of 8.0 to 11.0 (Fig. 3) . The results of this study was similar with the findings of Oberoi (25) (27) reported that the remarkable activity of alkaline protease of Bacillus strain SAL 1 in the pH range of 7.0-10.0 with an optimum at pH 9.0.
Effect of temperature on activity and stability of purified alkaline protease
The alkaline protease was found to be most active between temperature 50°C and 60°C and optimum at 60°C (Fig.4) . The enzyme activity increased with the increase in temperature. Maximum enzyme activity was observed at 60 o C and retained 102% of relative activity and thereafter, the activity decreased gradually. The maximum stability of protease was observed in the range of 30 o C to 50 o C (Fig.5) . Several investigators have reported the optimum temperature of Bacillus sp. alkaline protease as 60ºC (25, 28) . Proteases from P. aeruginosa MN1 and some other Bacillus species have been described with optimum temperature of 60°C reported by Nascimento (29, 30) .
Substrate specificity
Alkaline protease was assayed with native proteins substrates such as casein, haemoglobin, bovine serum albumin, egg albumin and gelatin. The protease showed a high level of hydrolytic activity against casein, moderate hydrolysis of haemoglobin and poor to moderate hydrolysis of BSA (Bovine serum albumin) and egg albumin, but the hydrolysis was poorly observed with gelatin (Table. 2). Thus, the protease showing broad substrate specificity. Applications of alkaline protease produced by B .cereus UV-15 Effect of surfactants and oxidants on alkaline protease stability The effect of various surfactants and oxidants agents at different concentrations on alkaline protease activity was studied. T he enzyme showed enhanced relative activities between 105% and 100%, when incubated with Tween-20 and Tween-80 each at 0.5% concentration ( F i g . 6 ) . At 1% concentration of Tween-20 and Tween-80, the enzyme retained 7 8% and 94% relative activity respectively. The results are in agreement with the values reported by Gupta (31) that alkaline protease enzyme was un-affected by Tween 80 and the mechanism of Tween 80 to enhance the extracellular enzyme production (32) . Triton X -100, SDS and H2O2 both 0.5% and 1% concentrations s l i g h t l y decreased the protease activity. Sodium perborate at 1% concentration strongly inhibits protease activity by 57% relative activity. Protease retained 95% activity toward 0.5% concentration of the anionic detergent SDS. The stability toward SDS is important because SDS-stable enzymes are also not generally available except for a few Bacillus clausii I-52 (28) and Bacillus sp. RGR-14 (25) . The protease showed high stability against both 0.5% and 1.0% (v/v) concentrations of H2O2 and retained approximately 88% and 64% of its activity, respectively. The alkaline protease from Bacillus sp RGR-14 showed 40% loss in enzyme activity in the presence 1% H2O2 studied (25) . Alkaline protease from Bacillus sp. 103 and B. clausii I-52 retained 91% and 114% of the enzyme activity by treating with 1% H2O2 for 72 h, respectively (33) . The stability of crude protease from B. licheniformis NH 1 was reported by Hmidet (34) after incubation with 1% H2O2 and 0.2% sodium perborate for 1 h at 40 o C. A good detergent protease must be compatible and stable with all commonly used detergent compounds such as surfactant, bleaches, oxidizing agents and other additives, which might be present in detergent formulation (35) .
Compatibility of alkaline protease activity from B.cereus with laundry detergents at pH 10.0 and 50 o C The suitability of an enzyme preparation for use in detergents depends on its compatability with the detergents over a wide alkaline pH and temperature range. The B. cereus alkaline protease exhibited excellent stability and compatibility in the presence of the laundry detergents tested (Fig.  7) . The enzyme was extremely stable in the presence of Nirma, wheel and surf excel retaining about 97, 95 and 84% of its initial activity. In the presence of Ariel and Rin the enzyme retained about 72 and 75% of the original activity respectively. However, the enzyme was found to be least stable in the presence of Tide, retaining about 70% of its initial activity. Singh (36) reported a serine alkaline protease from Bacillus sp. SSR1 showing nearly 70-80% of activity in most of the detergents at 40 o C. As the protease produced by the isolate Bacillus cereus UV-15 mutant was stable over a wide range of pH values, temperatures and broader substrate specificity and also showed compatibility with various commercial detergents tested, it can be used as an additive component for the detergent, in order to improve the washing performance of laundry detergents.
Removing of Blood stain
Alkaline protease produced from B. cereus UV-15 completely removed blood stain within 40 min at 40 o C on cloth pieces (Fig. 8) . Usefulness of alkaline proteases in the facilitation of blood stains removal from cotton cloth was reported (37, 38) . The addition of proteases to detergents considerably increases the cleaning effect by removing protein stains and the consumption of surface active substances, thereby decreasing the pollution load (39) .
Removing of hairs from goat skin
The alkaline protease was applied on the pieces of goat skin to exploit its commercial importance in leather industry. The enzyme removed hairs completely after 15 hr of incubation (Fig. 9) . The dehairing function during leather processing was generally carried out at a relatively high pH values ranging from 8-10. Hence alkaline proteases were stable under alkaline conditions between the pH ranges 9-11 were used in leather industry. Proteases from B. circulans (38) and B. cereus MCM B-326 (40) showed complete removal of hair from goat skin in 12 and 21 hours respectively. Dehairing is the single largest process in leather production, which requires huge amount of industrial enzymes like proteases, amylases and lipases. 
CONCLUSION
The alkaline protease enzyme of mutant Bacillus cereus UV-15 was purified up to homogeneity level by employing ammonium sulphate precipitation (40-80%) and gel filtration through Sephadex G-100 chromatography. After final purification step, the enzyme was purified 16.64 fold with a specific activity of 2915 U/mg and 9.4% recovery. The molecular weight of the enzyme was estimated to be 29.0 kDa by SDS-PAGE. This study explain the potential of Bacillus cereus UV-15 mutant strain was stable over a wide range of pH and temperature , stability of the enzyme in the presence of various surfactants, oxidizing agents and showed compatibility with various commercial detergents was studied. The supplementation of the enzyme solution in detergents additives improves the cleansing performance. The enzyme also showed excellent dehairing property without causing any damage to the skin. The enzyme can be used as a dehairing agent in leather industry as it is non-polluting as compared to the other harmful chemicals used in dehairing process.
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